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剂在 POM中失活的主要原因是活性组分 Ni被氧化成 NiO，而 Pt、Au修饰催化
剂失活的原因则是表面积炭，且其抗积炭能力与活性组分的粒径大小密切相关。






























Partial oxidation of methane (POM) into syngas is an important approach to the
utilization of methane. Ni as an active component of the catalysts for POM has
attracted enormous attention due to its high activity, along with its low price when
compared with noble metals. However, Ni-based catalysts may be deactivated as a
result of sintering and carbon deposition on them, especially for Ni/SiO2 catalysts. So
improving the anti-coking and anti-sintering ability is the key to enhance the catalytic
performance and stability in POM.
In this work, a series of NiMx/SiO2 (M: noble or transition metals) catalysts was
prepared with urea precipitation method by adding small amount of metal precursors
salt. In order to explore the relationship between catalytic performance for POM and
the physical-chemical properties of NiMx/SiO2 catalysts, especially for the anti-coking
ability of the catalysts, some techniques such as BET, XRD, TEM, XPS and H2-TPR
were used to characterize the catalysts. The main results obtained are summarized as
follows,
(1) Noble metal (M = Pt, Au, Ag, Pd)-doped NiMx/SiO2 catalysts: the oxidation of
Ni to NiO is the main reason of deactivation for 9NiM0.01/SiO2(M=Pd, Ag) catalyst;
and the ability of resistant to carbon deposition for 9NiM0. 01/SiO2 (M=Pt, Au)catalyst
is closely related to the particle size of Ni. For 9NiAux/SiO2 (x=0.01-0.10) catalysts,
we find that the adding of Au is in favor of the decreasing of the Ni particle size,
which improves the ability of resistance to sintering and carbon deposition, and
enhances the catalytic performance and stability for POM. The characterization
results shows that Au and Ni are existed in the form of elementary substance through
POM, and there is no electronic interaction between Ni and Au.
(2) Transition metal(M = W, Cr, Cu, Co, Fe, Mn, Zr, Zn)-doped NiMx/SiO2
catalysts: the change of Ni chemical state is the main reason of deactivation for
9NiMn0.01/SiO2 catalyst. For 9NiM0.01/SiO2 (M = Cr, Fe and so on ) catalysts, the
reaction stability for POM was associated with the capacity of anti-coking. we also















the interaction between Ni and SiO2 is weaker. For 9NiWx/SiO2 catalysts, It was
found that they show good catalytic performance as well as higher stability in POM.
The reasons are as follows: Ni was alloyed with W in forms of Ni17W3 alloy as W
added, which strongthens the interaction between Ni and silica, decrease the size of
Ni particles and make the dispersion of Ni on silica improved. Additionally, WCx was
formed on the catalyst surfaces, which played an active role in coke elimination.
(3) In comparison with 9NiM0.01/SiO2 (M = Zr, Zn, Co, W), It was found that there
was some relationship between the content of carbon deposition and oxygen affinity
ability of metals. The POM reaction stability and the ability of anti-coking were
improved when added with metal with moderate oxytropic ability, not too high or too
low.
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